The catabolic rate for HDL apoproteins was 29% lower in the runners, whereas there was no difference in HDL apoprotein synthetic rates between the two groups.
All five of the runners studied previously were elite competitors, and three had qualified for the US Olympic Marathon Trials. Conclusions derived from such subjects may not apply to less competitive runners. Furthermore, dietary intake in these men was not controlled. The present study examined HDL apoprotein metabolism in 10 additional athletes and 10 sedentary men under controlled dietary conditions. The results confirm that differences in HDL apoprotein survival distinguish physically active from sedentary subjects and suggest that lower catabolic rates are primarily responsible for the higher HDL cholesterol concentrations in active men.
Methods

Study Subjects
Nine distance runners and one competitive cyclist aged 34±6 years (mean+SD) and 10 physically inactive men aged 36±8 years (mean±SD) were re-cruited from local running clubs and through newspaper advertisements. All subjects were healthy, used no medication regularly, did not smoke cigarettes, and abstained from alcohol consumption for 2 weeks before and during the study. Sedentary subjects exercised once a week or less. Runners ran an average of more than 48 km/wk during the prior year, and each ran a constant distance of 8-16 km/day beginning 2 weeks before and continuing throughout the study. Potassium iodide (300 mg/day) was administered for 3 days before and during the metabolic studies to block thyroidal uptake of radioiodine. Protocols were approved by The Miriam Hospital and Brown University General Clinical Research Center human subjects committees, and subjects provided informed written consent before their participation.
Diet
Subjects were maintained on defined diets for 28 days, including the 2 weeks before and the 2 weeks of the HDL kinetic studies. Breakfast was served in a metabolic kitchen. Lunch, dinner, and snacks were provided in the morning for consumption during the day. Adherence to the diets was confirmed by anonymous questionnaires administered at the end of the protocols.
The diet was composed of conventional foods and was designed to approximate the average US diet. Subjects were provided a basic diet with a caloric content individually estimated from body size using the Harris Benedict equation and activity factors of 1.6 for the inactive men and 2.1 for the active men.4 Supplemental calories were added to maintain body weight. The supplements were specially formulated muffins with a composition of protein, fat, and carbohydrate identical to that of the basic diet. Caloric distribution was determined using a computer program (Practorcare, San Diego, Calif.) and confirmed to ±2% of total calories by chemical analysis (Tech S Corp., National Food Laboratory, Inc., Washington, D.C.). This diet contained 17% protein, 43% carbohydrates, and 40% fat. Saturated, monounsaturated, and polyunsaturated fats accounted for 18%, 16%, and 6% of total calories, respectively. Runners and sedentary men consumed 3,652+133 (mean+SD) and 2,766+363 calories and 577±23 and 562±20 mg cholesterol daily. within each group using paired t tests and Bonferroni's correction for multiple comparisons.
Measurements
Results
Subject Characteristics
The athletes and sedentary men did not differ in height (175+8 versus 178±5 cm), but body weight was moderately lower (73.4±7.5 versus 77.5±12.4 kg) and estimated body fat was considerably lower in the athletes (10.1±4.0% versus 16.0±2.8%, p<0.01). Vo2max was higher in the athletes whether expressed as the absolute value (4.50±0.44 versus 3.02±0.59 1. min-1, p<0.001) or relative to body weight (62±8 versus 39±7 ml * kg1 * min-1, p<0.001).
Lipids, Lipoproteins, and Apoproteins
Average HDL cholesterol concentrations were 40% higher in the endurance athletes, in large part because of greater HDL2 cholesterol concentrations (Table 1 and Figure 1 ). Apo A-I values were also 25% higher in the athletes. Triglycerides were 45% lower in the active men, but there were no other significant differences in lipoprotein or apoprotein concentrations. HDL cholesterol divided by the sum of apo A-I and apo A-II, an estimate of HDL particle size,18 was not significantly different between the two groups. (Figures 1-3 (Figure 7) . The relation between HDL cholesterol and triglycerides for the combined groups was also curvilinear. At low triglyceride concentrations and HDL cholesterol levels of 50 mg/dl or more, there was no relation between the two variables. The inverse relation was pronounced, however, at triglyceride levels of 75-200 mg/dl and HDL cholesterol levels of less than 45 mg/dl (Figure 7) The ratio of HDL cholesterol to the sum of apo A-I and apo A-II has been used as an index of HDL particle size and of its relative content of core to surface material.18 This ratio was strongly related to both apoprotein survival and fat clearance (K2) in the active men (r>0.73), suggesting that more efficient catabolism of triglyceride-rich apoproteins may increase HDL cholesterol content and that increased HDL lipid may in turn retard HDL protein catabolism. This ratio also correlated with apoprotein survival in the sedentary men (r.0.61) but not with fat clearance (r=0.24).
Discussion
Endurance athletes, by virtue of their higher HDL levels, provide a model of HDL regulation. Average HDL cholesterol concentrations in the present study were 40% higher in the active men than in comparison subjects. Higher HDL2 concentrations were reflected by 50% higher HDL2 cholesterol levels, a higher apo A-I-to-apo A-Il ratio, and greater absolute levels of apo A-I. Average triglyceride concentrations were 45% lower and the clearance of intravenous fat was 80% faster in the athletes. Consistent with previous observations of elite distance runners,3 the fractional catabolic rate of autologous radiolabeled HDL protein was lower in the active subjects, whereas apoprotein synthetic rates were virtually identical in the two groups.
We performed correlational analyses to identify relations between HDL concentrations and parameters of HDL metabolism. These analyses were done separately for the trained and untrained groups to avoid attributing metabolic roles to factors that are intrinsically different in trained and untrained subjects. Even when the trained and sedentary groups were separately considered, the concentrations of HDL cholesterol and its subfractions correlated directly with the intraplasmic survival of both apo A-I and apo A-LI, whereas apoprotein synthetic rates were weakly or inversely related to HDL cholesterol concentrations. This confirms other reports linking HDL cholesterol values with apo A-I18,19 and apo A-I118 catabolism. Inspection of the data for the combined groups suggests that the influence of HDL catabolism is greatest at HDL cholesterol concentrations of less than 60 mg/dl ( Figure 6 ). The slope of the relation above this level approaches zero, although this conclusion is based on only five values from the athletes. Nevertheless, this observation accounts for the weaker relation between apoprotein survival and HDL cholesterol in the athletes and suggests that factors other than catabolic rate contribute to the differences in HDL cholesterol levels among individuals with high HDL values.
It is not clear if longer apoprotein half-life is a cause or a consequence of enhanced HDL particle survival. We suspect that more efficient catabolism of triglyceride-rich lipoproteins and delivery of lipid to HDL prolong survival of the major HDL proteins. In the present study, HDL related to triglyceride concentrations in both subject groups and directly related to the rate of clearance of intravenous fat (Figure 7) . Similarly, HDL apoprotein survival was strongly and inversely related to triglyceride levels in the untrained men. This relation was less pronounced in the trained men, possibly because a smaller range of triglyceride values (43-101 mg/dl) blunted correlations in these subjects. Also, the relation between triglycerides-and HDL cholesterol appears steepest at triglyceride concentrations of more than 75 mg/dl (Figure 7) . Therefore, although differences in triglyceride levels may contribute to the group differences in HDL cholesterol, other factors must contribute to intragroup variations in HDL concentrations among the athletes.
Acute exercise studies support the concept that *p<O.00l, tp<0.0l, *p<O.O0. We provided identical diets to the study groups to eliminate dietary differences between the trained and untrained men. There was virtually no change in lipoprotein cholesterol levels in the sedentary subjects, but consumption of a typical American diet increased HDL2 cholesterol in the athletes. The increase in HDL2 could represent the effects of a more vigorous training regimen because the active men were required to train for the same distance daily for 2 weeks before and during the study. In addition, the athletes consumed 17% more calories than the untrained group, and our controlled diet probably contained more fat and fewer carbohydrates than they habitually consume. 31 We have shown in similar endurance athletes that increased fat consumption increases and increased carbohydrate consumption decreases HDL cholesterol and the HDL2 subfraction.32 Consequently, the controlled diet in the present study tended to exaggerate HDL differences between the study groups. We doubt that this "dietary" drift accounts for the differences in HDL metabolism between our subject groups because qualitatively similar differences have been observed between runners and sedentary subjects consuming their habitual diets. 3 In summary, these studies in a larger and less elite cohort of endurance athletes, confirm an earlier finding that endurance training is associated with more efficient catabolism of plasma triglycerides and prolonged survival of HDL lipoproteins. HDL apo- 
